Abstract. Splenectomy, while often necessary in otherwise healthy patients after major trauma, finds its primary indication for patients with underlying malignant or nonmalignant hematologic diseases. Indications of splenectomy for hematologic diseases have been reducing in the last few years, due to improved diagnostic and therapeutic tools. In high-income countries, there is a clear decrease over calendar time in the incidence of all indication splenectomy except nonmalignant hematologic diseases. However, splenectomy, even if with different modalities including laparoscopic splenectomy and partial splenectomy, continue to be a current surgical practice both in nonmalignant hematologic diseases, such as Immune Thrombocytopenic Purpura ( 
Splenectomy, while often necessary in otherwise healthy patients after major trauma, 2-3 find its primary indication for patients with an underlying malignant or nonmalignant hematologic diseases ( Table 1) . [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Rarely spleen rupture can occur spontaneously, more frequently in a pathological spleen for infectious or/and hematologic diseases [13] [14] [15] [16] [17] and in patients on anticoagulation. 18 People without risk factors or previously diagnosed disease can, even if rarely, 19 undergo to splenic rupture for minor trauma o if treated with high dose of growth factors for stem cell harvest. 19 Furthermore, functional asplenia, due to auto infarction, frequently develops in subjects with sickle cell anemia. 16 Also, hyposplenism states are common in patients with chronic graft-versus-host disease after stem-cell transplantation, severe celiac disease, and untreated human immunodeficiency virus infection. 20 Indications of splenectomy for hematologic diseases have been reducing in the last few years, due to improved diagnostic and therapeutic tools ( Figure  1,2) . 8 Reduction of splenectomy is even more evident after trauma since splenic preservation has become a well-reported and accepted principle. 8, 21 Splenectomy for cancer staging is infrequently performed, 2 and no longer requested for Hodgkin Disease (HD) staging, as in the past,. 22 The introduction of rituximab has reduced the necessity of splenectomy for some lymphoproliferative diseases, 1 hemolytic anemia and ITP. 12 At present the splenectomy sometimes can also be avoid by treating resistant ITP patients with thrombopoietin-receptor agonists. 12, 23 All these data infer that the indications for splenectomy continue to evolve, with a progressive reduction, more evident after trauma and in malignant hematologic diseases.
However, splenectomy, even if with different modalities including laparoscopic splenectomy and partial splenectomy, 24, 25 continue to be a current surgical practice. Approximately 25,000 surgical splenectomies are performed annually in the United States; 26 and, the total number of asplenic persons in the United States is currently estimated at 1 million, including 70,000 to 100,000 persons with sickle cell disease. 27 Data in the other countries are not available. In clinical practice splenectomy is performed worldwide for different reasons according to the prevalence of different pathologies, circumstances and availability of drugs, found in every country ( Table 1) .
In high-income countries, like USA, Australia, Table 1 . Causes of splenectomies in different series. Europe at present, the proportion of splenectomy secondary to trauma represents the 15-30% of all cases (Table 1) . 2, 5, 7, 8 This percentage is lowering, Some years ago (2001) Bisharat reported a percentage of splenectomy due to trauma in 50% of adults and 30% of children. 4 However, in high-income countries there is a clear decrease over calendar time in the incidence of splenectomy for all indications except nonmalignant hematologic diseases (Figure 1 and 2) . 8 In the low-income country and war period, the proportion of trauma splenectomy could be higher.
Authors, year (references) Total
Khamechian 28 report in Iran a percentage of 75% of trauma splenectomy and Deodhar report similar results in India ( Table 1) . 29 Among the non-traumatic splenectomy hematologic indications are prevalent but differ in the various countries and the different series. In Europe and USA the prevalent indications of splenectomy are represented by the lymphoproliferative diseases (more frequently in the hospitals with prevalent oncological patients, such as the Memorial Sloan-Kettering Cancer Center, New York, USA 9 and by the ITP (more frequently in the General Hospitals, as reported by two important series of American College of Surgeons 10 and by the Swedish Study. 8 In Asia and in Africa hemoglobin disorders are the prevalent indication for splenectomy ( Table 2) . 30, 31 Programmed splenectomy is made more and more frequently by laparoscopy, which is mostly utilized for benign spleen-related diseases. 24, 32 However at variance with European and USA experience, in the Chinese and Asian series, portal hypertension and hypersplenism, secondary to cirrhosis is an important cause of splenectomy. 32, 33 The study of Wang et Coll. 32 retrospectively reviewed 302 consecutive patients who underwent laparoscopic splenectomy. 65% of patients had a benign spleen-related disease, 14% a malignant spleen-related disease and 21% portal hypertension. In a similar Italian series portal hypertension does not appear as cause of splenectomy.
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Complications of Splenectomy. Splenectomy, independently of its cause, induces an early and late increase in the incidence of venous thromboembolism and infections. [4] [5] [6] [7] [8] [9] [10] [11] [12] 34, 35 The previous pathology influences the incidence of both complications. 35, 36 Therefore, the comparison should be made with a matched indication cohort. 5 However, in any case, infection remains the most noxious complication of splenectomy. 4, 8, 34, 35 Infections. Commonly, the infections strictly correlated to the absence of the spleen or a decreased or absent splenic function are due to encapsulated bacteria that are the most virulent pathogens in this set of patients.
2-8 They can produce a serious fulminant illness, called overwhelming post-splenectomy infection (OPSI), that carries a high mortality rate. 4, 8, 36, 37, 38 However, in the years, the bacterial pattern of splenectomy sepsis have been changing. The most important capsulated pathogen is Streptococcus pneumoniae (Str. Pneumoniae), but Haemophilus influenza (H.Influenzae) and Neisseria meningitidis (N. meningitidis) are also significant. In a study of 1991, 36 reporting 349 episodes of sepsis in patients with asplenia, 57% of infections and 59% of deaths were caused by Str. pneumoniae. Furthermore, 6% of infections were caused by H. influenzae, with a mortality rate of 32%; N. meningitidis was the organism in 3.7% of cases in the same study. 38 Today, after the introduction of vaccination, and oral penicillin antibiotics, patients submitted to splenectomy can suffer from disparate strains of bacterial infection, which are not strictly correlated with the splenic function. In fact, particularly in the post-intervention phase, the type of bacteria isolated in the blood is not so different from those found in other abdominal interventions. So, gram-bacteria are prevalent (51% in the Australian report). 6, 8, 38 At present in vaccinated patients, the rate of sepsis by pneumococcus is very low. In fact, encapsulated bacteria, such as pneumococcus, meningococcus, and H. influenzae, were rarely encountered in Australian and Danish cohort Series, 6, 11, 38 in whom vaccination was routinely adopted.
However, the infection from capsulated bacteria continue to be important because vaccination does not cover all bacterial strains and assumes a particular virulence in patients with absent or reduced splenic function. OPSI, also today, has a mortality of 30-60%. 37 Sepses by uncommon bacteria [39] [40] as well by protozoa infections such as malaria and babesiosis are also known to affect asplenic patients. [41] [42] [43] Why the asplenic patients are so sensitive to encapsulated organism?
The spleen was once considered unnecessary for life; however, it clearly serves extremely important hematologic and immunologic functions. Spleen function consists of several aspects, according to the three anatomical splenic subunits: (a) the white pulp, containing B-cell follicles, (b) the marginal zone (MZ), containing specialized macrophages and memory Bcells, and (c) the red pulp, where erythrocytes are filtered from the circulation by entrapment in the splenic cords and subsequent phagocytosis, as well as by retention through receptor-ligand interaction. 44 The white pulp contains a large mass of lymphoid tissue and serves a vital role in the recognition of antigens and production of antibodies. The red pulp of the spleen consists of a tight meshwork of sinusoids, the cords of Billroth, which primarily serve hematologic functions, especially filtration of the blood. The milieu of the red pulp is relatively acidic and hypoglycemic. Therefore aged or damaged red cells not able to tolerate this harsh environment are ultimately removed by splenic macrophages. 44 Particulate matter is also removed from red cells as they pass through the splenic sinusoids, and so "polished" or "conditioned" red cells, free of surface imperfections, come back to the bloodstream. The red pulp also acts as a reservoir for approximately onethird of the total platelet mass and a smaller proportion of granulocytes.
Both lymphocytes and monocytes present in the spleen are important to assure a complete immunological defense. MZ B cells have a unique ability to produce natural antibodies and can initiate Tcell-independent immune responses to infections or vaccination with capsular polysaccharide antigens. In fact, the human immunoglobulin M memory B cells controlling Str. pneumoniae infections are generated in the spleen. [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] After splenectomy, the levels of antibody are preserved but there is a loss of memory B cells against pneumococcus and tetanus. 51 The fundamental rule of splenic monocytes in the immunological defense from capsulated bacteria should be always taken in consideration. [54] [55] The most conspicuous macrophage populations of the spleen are located in the marginal zone and adorned with unique sets of pattern recognition receptors. The MZ is a strategically positioned in the bloodstream and contains both macrophages and memory B cell. 46 The macrophage subsets present in the spleen marginal zone show various pathogen receptors on in the recognition and elimination of certain pathogens, in particular, encapsulated bacteria. 55, 56 It is noteworthy that complement defects induce streptococcal and meningococcal infections very similar to that found in splenectomized subjects. 57 Complement system, such as C1q and C3, and macrophages in the splenic marginal zone (sMZ) play pivotal roles in the efficient uptake and processing of circulating apoptotic cells. SIGN-R1, a C-type lectin that is highly expressed in a subpopulation of MZ Macrophages, regulates the complement fixation pathway by interacting with C1q, to fight blood-borne Streptococcus pneumoniae. [57] [58] [59] . SIGN-R1+ macrophages are critical for the uptake of circulating apoptotic cells in the MZ and are essential for Str. pneumoniae clearance. [55] [56] [57] In conclusion, the specific role in the removal of encapsulated bacteria is related to marginal zone macrophages, which can detect and capture encapsulated bacteria. [54] [55] [56] [57] In addition, marginal zone cells respond to capsule polysaccharide antigens by differentiating into IgM-producing memory B cells or antigen presenting cell. [56] [57] At present splenectomy is performed both in subjects with and without a previous pathology. Therefore, we firstly treat the infections of healthy people splenectomized as a consequence of trauma, considering them as a control group. Accordingly the literature [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] we make an important distinction between the early post intervention infections and the late infections. Afterward, we consider pathology by pathology the different hematologic groups requiring splenectomy. In fact, the previous pathology does influence the rate, the type and the severity of the early as well the late infections.
Early Infections.
Infections related to splenectomy can occur early in direct association with intervention (post-operative infectious complications) and late in connection only with the reduced immunological defense induced by splenectomy. Infective complications account for most of the perioperative morbidity and include lower respiratory tract infections, intra-abdominal collections, wound infection and non-specific infections requiring antibiotics. [5] [6] [7] [8] [9] [10] The Danish series 5 reports 3812 persons who underwent splenectomy from 1996 to 2005. The maximum relative risk of infection and death was within the first 90 days of intervention, attaining a RR of about 20 fold higher in all indication groups than in the general population comparisons, whereas odds ratios in comparison with appendicectomized patients ranged from 1.0 to 12.7.
The distribution of microbial agents was similar between groups. Of note, encapsulated bacteria, such as pneumococci, meningococci, and H. influenzae, were rarely encountered in the splenectomized cohort, recently reported in the west countries. 5, 11 Similarly the adjusted relative risk (RR) and 95% confidence interval (CI) of death among splenectomized patients by indication, compared to the general population of Denmark, was the highest in the first 90 days, attaining a RR of 33-fold. However, although splenectomized patients have a high risk for infection, this risk is different in the various subgroups, and some degree seems due to underlying conditions and not to splenectomy alone. (Figure 3) The risk of death within the first 90 days ranges from 2,5% in patients splenectomized for ITP to 10% in patients with hemopoietic cancer or trauma. 5 Older age can also be an important factor in increasing infection morbidity and mortality in the post-intervention period in elective splenectomy of hematologic patients. 6, 12 Heuer 59 report the Germany experience of 1,630 patients with a splenic injury, whose, 758 patients undergoing splenectomy compared with 872 nonsplenectomized patients. 96 (18.3%) of the patients with splenectomy and 102 (18.5%) without splenectomy had an apparent infection after the operation. Additionally, there was no difference in mortality (24.8% versus 22.2%) in both groups. Patients with minor trauma take advantage from conservative treatment, at contrary patients with major trauma take advantage from splenectomy. It is important to note that the perioperative sepsis rate was the same in both groups. 59 Bickenbach et al. 9 report in 2013 the MD Anderson experience of 381 patients, who underwent splenectomy for diagnosis or treatment of hematological diseases. Overall 136 patients (35.7 per cent) experienced complications. Independent predictors of any morbidity on multivariable analysis were age more than 65 years, KPS score 60 or less, and hemoglobin level 9 g/dl or lower. The complications in this series were mainly infectious (41,9 %), and the majority of the deaths were directly related to infections. The microorganisms involved in the infections were not cited. In fact, even when the intra-abdominal diseases were eliminated, splenectomy increased the risk for early overall infectious complications and postoperative intraperitoneal abscess. However the increase the post-intervention infections could not induce a significant increase in early mortality. 58, 59 In adult patients the early mortality raises with age 6 particularly in patients with hematologic neoplasms. 9 The laparoscopic approach to splenectomy is clearly superior to standard laparotomy in terms of postoperative complications, including infections, 60 although the rate of OPSI remains similar in early as well in late phase. 37, 60 In fact, most of these early postsplenectomy bacteremia was caused by Enterobacteriaceae, Pseudomonas spp and Staphylococcus spp, and occurred mostly in patients with gastrointestinal malignancies while Str. pneumoniae caused only a few. 6, 7, 8 In conclusion, it seems that the splenectomy does not significantly influence the type of the early infection that is mostly related to surgical trauma. Laparoscopic approach reducing surgical trauma reduces infections rate and early mortality.
Late Infections
Patients Splenectomized After Trauma Without A Previous Pathology.
Patients without a previous pathology are splenectomized because of trauma, and rarely for spontaneous rupture or after G-CSF. The difference in the incidence of bacterial infections could depend on the age at splenectomy. The sepsis incidence and mortality is higher in children than in adult, 4, 5, 8 the recent Swedish experience 8 confirm the previous data of Bisharat et al. . 4 The incidence of Sepsis, expressed as standardized incidence ratios (SIR), varied with age and follow-up, with the highest SIRs among children. When restricting to those who were splenectomized at the age of 0 to 12 years, the SIR was higher: 6.1 (95% CI, 3.3-10), in respect of total population, SIR of 3.1 (95% CI, 2.1-4.3).
However in the adults the older age is a negative factor both in term of morbidity and mortality. 5 The Swedish experience 8 takes into consideration only the splenectomized patients after 180 days from intervention, (20,132 patients), excluding them who either died or were censored within 180 days of first discharge. 8 The cumulative incidence of first hospitalization for or death from sepsis varied both by indication and calendar year of splenectomy. The overall 30-day mortality after a hospitalization for sepsis was 17% (372 deaths after 2243 hospitalizations) and ranged from 13% for patients splenectomized for trauma to 22% for those splenectomized for a hematologic malignancy. In all, there were 2243 hospitalizations for sepsis, corresponding to an overall nearly six-fold increased risk of sepsis (SIR 5.7; 95% CI, 5.6-6.0). The risk of a new hospitalization for sepsis varied by indication, with the lowest risk among the trauma patients (SIR 3.4; 95% CI, 3.0-3.8) and highest among the hematologic malignancy patients (SIR 18; 95% CI, [16] [17] [18] [19] . SIRs varied with age and follow-up, with the highest SIRs among young patients, and in the earliest follow-up periods after the splenectomy. The incidence of sepsis was higher in the first 2 years, but it remain higher also after ten years . 7, 10 Kristnsson and others 10 have reported infectious and thrombo-hemorrhagic complications in American veterans, cancer free, submitted to splenectomy for different reasons. No differences were found in term of infections between patients splenectomized for trauma and those splenectomized for hematological nonmalignant diseases. In the late follow-up infections from capsulated bacteria in patients splenectomized after trauma become prevalent in the veteran American series 9 but not in the Danish series, 5 in which the percentage of Str. pneumoniae infection is only 4%.
In the American series splenectomized patients had a significantly increased risk of pneumococcal pneumonia (RR=2,06, meningitis RR=2,44 and septicemia 3.44), however, the risk of death is particularly increased only from septicemia and meningitis. In Denmark, pneumococcal vaccination is recommended within 2 weeks before elective splenectomy, or a soon as possible and within less than 2 weeks after emergent splenectomy, but no vaccination for H. influenzae is recommended. Neither of two studies would give sufficient data about the vaccination, even if both stressed the importance of vaccination. In any case from epidemiological data, it is evident that there is a reduction of Str. pneumoniae infections since the vaccination is beginning to be a routine procedure in most countries. 6, 7, 38 Patients Splenectomized For Hematologic Diseases Nonmalignant Diseases.
Splenectomy also represents at present a key treatment option for the treatment of many benign hematological diseases, including immune thrombocytopenia (ITP) , Auto Immune Hemolytic Anemia (AIHA) and hereditary disorders associated with ongoing hemolysis (Spherocytosis, Thalassemia major and intermedia, Sickle cell anemia). 11, 12 In fact, the number of patients splenectomized for hematological non-malignant diseases remains stable and at present represent the most frequent indication for splenectomy in highincome countries. 8 However, among the hematological non-malignant diseases with a sound indication to splenectomy, we must distinguish the acquired diseases, ITP, AIHA in which the autoimmunity play a fundamental role, and the congenital forms, such as Spherocytosis and Hemoglobin disorders.
Immune Thrombocytopenic Purpura (ITP).
Although new drugs such as Rituximab and Thrombopoietin analogs have been introduced in the treatment of ITP resistant to steroids, the splenectomy remains the gold standard for the therapy of resistant patients. 12 At present ITP represent in many western series the larger indication to splenectomy. 5, 8, 10 Splenectomy remains the only treatment that appears to have a long lasting effect in patients with ITP. 12, [61] [62] [63] Response rates are around 70% in children with chronic ITP and 60 % in adults. The guidelines show considerable differences in recommendations for splenectomy. 12, 61 The more recent ASH guidelines 61 recommend delaying surgery to after 12 months vs. six months as recommended in the past. Infections remain the major contraindication to splenectomy in ITP, particularly in children. 12,61, However, it is important to consider that also the immunosuppressive agent increase the incidence of infection. Therefore, the comparison should be made between resistant patients treated with the splenectomy or those treated with immunosuppressive agents (Figure 3) . 65, 67, 68 In a large series, Boyle et Al. 35 report a cohort of 9976 patients with ITP; all patients were 18 years of age or older and had a diagnosis of ITP, as the main disease, from January 1990 to November 2009. 1762 of them underwent splenectomy.
The cumulative incidence of sepsis was 11.1% among the ITP patients who underwent splenectomy and 10.1% among the patients who did not. Splenectomy was associated with a higher adjusted risk of sepsis, both early (HR 3.3 [CI, 2.4-4.6]) and late (HR 1.6 or 3.1, depending on comorbidities). He concludes that ITP patients post-splenectomy are at increased risk for abdominal venous thromboembolism (AbVTE), venous thromboembolism, (VTE), and sepsis.
Sepsis developed in 1016 cases: 191 splenectomized cases (cumulative incidence 11.1%) and 825 nonsplenectomized cases (cumulative incidence 10.1%), with a median follow-up of 56 months. The cumulative incidence of early sepsis after splenectomy (<90 days) was 2.6% and of late sepsis (>90 days) was 8.8%. Among the splenectomy cases, the median time from splenectomy to hospitalization with sepsis was 35.5 months (range, 0-219). In the multivariable model for sepsis, splenectomy was a significant predictor of both early and late sepsis, with a more than threefold higher hazard ratio (HR) for early sepsis (HR 3.3 [CI, 2.4-4.6]). For late sepsis, there was an interaction between splenectomy and number of comorbidities. Cases with none or one comorbidity had an HR of 1.6 (CI, 1.3-2.0), and for cases with 2 or more comorbidities, the HR was 3.1 (CI, 2.2-4.4). There was also an interaction between age and number of comorbidities. In addition to splenectomy, age >60 years, the presence of comorbidities, the male sex, and the African ethnicity, were also significant predictors of sepsis. 35 In a retrospective analyze ,Vianelli et al. 63 reported 233 ITP adult patients , who underwent splenectomy between 1959 and 2001 in 6 European hematologic institutions and who have now a minimum follow-up of ten years from surgery. Of the 233 patients, 180 (77%) achieved a complete response and 26 (11%) response. Sixty-eight of 206 (33%) responsive patients relapsed, mostly (75%) within four years from the first response. In 92 patients (39.5%), further treatment was required after splenectomy that was effective in 76 cases (83%). In 138 patients (59%), the response was maintained free of any treatment at last contact. Overall, 73 patients (31%) experienced at least one infectious complication, for a total of 159 events, most often pneumonia (40%). Forty-three of these patients (59%) had received prophylactic vaccinations. Median time from splenectomy to the first infection was 35 months (range 0-355). Infectious complications were significantly more frequent in refractory patients compared to stable responders (P=0.004) but were comparable (P>0.05) in vaccinated and non-vaccinated patients. Two fatal infectious episodes (sepsis and intestinal infection) occurred, after 176 and 318 months from splenectomy. Both patients were stable responders to splenectomy and were 78 and 80 years old.
Today to avoid splenectomy and the consequent major infection rate, alternative treatments are performed in patient with resistant ITP. In the last few years, rituximab has been indicated as the first line treatment of resistant ITP patients. 64 However, Rituximab is not free of side effects. 65 Recently a study 65 assessed the safety in 248 adult patients with immune thrombocytopenia (ITP) treated with rituximab. In total, 173 patients received four infusions of 375 mg/m2 and 72 received 2 fixed 1-g infusions two weeks apart. The authors observed 11 cases of infection in 7 patients (3%; 95% CI, 1-6) corresponding to an incidence of 2.3 infections/100 patient years (95% CI, 1.2-4.1). Infections occurred 2 to 18 months after the first rituximab infusion. Eight cases are recovered, but three patients died of infection 12 to 14 months after the first rituximab infusion. These patients were older than 70 years, 2 had severe comorbidities (diabetes and peritoneal carcinosis), and they had received prolonged treatment with corticosteroids for refractory ITP. Theses series of patients was not vaccinated, and the cause of infections was due to capsulated bacteria in two cases and both recovered.
At present the French guidelines 67, 68 recommend the vaccinations against Streptococcus pneumoniae , Haemophilus influenzae b (Hib) and Neisseria meningitidis not only before splenectomy but also before rituximab in patients aged less than 65. However, also in France this vaccination was made in a small proportion of patients (32.4%, 18.9%, and 3.8%.respectively). Furthermore, it is worth of noting that advanced age and comorbidities are the major risk factors for infections. 69 The splenectomy was considered particularly dangerous in children in the past, the risk of fatal postsplenectomy sepsis was found to be severe especially in children less than five years and during the first year the following splenectomy. 4, 5, 7 The mortality rate of children is higher than of adults. 8 The mortality risk is estimated to be of 3% in children. 66 The infectious risk in children and adults splenectomized for ITP is similar to that of children splenectomized after trauma. 4, 5, 8, 11 The increased risk compared with the general population persists for life. 12 It is evident vaccinations does not eliminate post-splenectomy sepsis. However even if there are limited comparative data on the efficacy of vaccinations against encapsulated bacteria, is evident by the recent epidemiological data that vaccination reduces the incidence of infections by capsulated bacteria. [70] [71] [72] [73] In fact, in more recent publications, [70] [71] [72] when vaccinations for pneumococcus and meningococcus are more and more becoming frequent, the capsulated infections are becoming rarer. The Intercontinental Childhood ITP Study (ICIS) Group Registry 71 reported 134 children splenectomized in 57 institutions of 25 countries over a period of 225.2 patient-years. Of the 134 children in the ICIS Splenectomy Registry, 65 underwent a laparoscopic procedure, and perioperative bleeding occurred in eight patients, three of whom had laparoscopic splenectomy; four patients received packed red blood cells, postoperative fever was reported in 9.7% without signs of infection. This group signaled seven episode of sepsis (0.031sepsis episodes per patient-year), without a fatal outcome. In this study 21 patients were not submitted to vaccination, however of the seven episodes of sepsis only one was found in not vaccinated patients. The bacteria isolated was not reported in this paper but in the discussion was affirmed that "Sepsis caused by encapsulated bacteria was rarely encountered in patients on this Registry" independently of vaccination.
Similarly, Aladjidi et al. 72 conducted retrospective analysis in16 French departments involving 78 children with ITP and splenectomy.). Sixty-two children had chronic ITP of more than12 months; laparoscopic splenectomy was utilized in 81% of children. Four patients experienced postoperative complications: two severe hemorrhages, one mesenteric thrombosis, and one pulmonary atelectasis. All four patients with complications had preparation by at least one plateletenhancing treatment. Severe infections were not reported.
The choice of splenectomy in children has also been also advocated for cost problem. 73 In an American monocentric series of 22 patients from 2002 through 2009, only one child experienced overwhelming postsplenectomy infection after a dog bite. 73 The authors conclude that earlier surgical consultation for children with chronic ITP may be justified given the high success rate and low morbidity, particularly given the significant complication rate and cost of continued medical treatment. 73 In conclusion in children splenectomized for ITP pre-vaccinated then risk of late sepsis is present but low, the etiology of capsulated bacteria is rare. Data to make a comparison in children and adults with resistant ITP treated with rituximab are scarce, and inconclusive. [73] [74] [75] [76] [77] [78] [79] [80] Liang and Al. 74 report, in 2012, 11 studies (190 patients) on ITP resistant treated with Rituximab. 78 patients (41.%) experienced adverse events. The most frequently described adverse events were mild allergic reactions and immediate hypersensitivity reaction during rituximab infusion. Four patients developed infections that could be associated with rituximab, including two patients with varicella, one patient with pneumonia, and another patient with life-threatening enterovirus meningoencephalitis. An increased incidence of bacterial infection is also reported in adults treated with rituximab for autoimmune diseases; the presence of diabetes and contemporary use or/and prednisone is a further risk factor. 80, 81 Hypogammaglobulinemia has also been reported among adults and children, 76 although the overall number is unclear and appears to occur with repeated doses and in patients with underlying immune dysfunction. Studies have shown impaired humoral responses to vaccination after rituximab. 82 However, bacterial infections are reduced in vaccinated patients, and conjugate vaccine should be preferred. 81, 83 In conclusion, children and adult with further risk factors should be vaccinated before the treatment with rituximab. This approach is particularly requested if splenectomy is to be considered in the future of the patient. 83, 84 In a summary, post-splenectomy infections rate is increased 2-6-fold for first 90 d, and 2.5 (CI, 2.2 to 2.8) more than 365 days after splenectomy in adults with ITP versus indication-matched controls; 7,12 however splenectomy for chronic ITP has a risk of infection not different from subject splenectomized for trauma.
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The treatment with rituximab presents a similar risk of bacterial infections. In both conditions, patients should be vaccinated versus Str. pneumoniae, N. meningitidis and H. influenza.
83-84
Autoimmune Hemolytic Anemia (AIHA). Patients with AIHA resistant to steroids can be treated with splenectomy or rituximab. [85] [86] [87] Response rates to splenectomy and rituximab seem equivalent even if no prospective study comparing the success rates of both approaches is available. [85] [86] [87] So, the side effects are very important in the decision on the choice. In the GIMEMA study, thrombotic events were more frequent in patients who had undergone splenectomy (24% vs 8.7%) and grade 3 pulmonary infections were associated with splenectomy but not with the number of lines of treatment or with the use of rituximab. 86 In a recent metanalysis 88 including nineteen studies, among 38 adverse events in 364 patients were reported 4 neutropenias, 18 severe infections, including 1 viral infection, and one Pneumocystis jiroveci pneumonia. In conclusion at present in AIHA, the rituximab is increasingly considered the preferred therapy of steroid resistant AIHA. Hemolytic Spherocytosis (HS) . According British guidelines splenectomy should be performed in children with severe HS, considered in those who have moderate disease, and should probably not be performed in those with mild disease. 89 The two major adverse events are thrombosis and infections. 89, 90 Immunization and prophylactic antibiotics could eliminate the increased risk of catastrophic sepsis due to pneumococcus, meningococcus, or haemophilus, and there is evidence that immunization and early use of antibiotics forever have reduced the frequency of positive blood cultures for pneumococcus in children who have had a splenectomy. 89 Certainly a good compliance of the patients or their relatives to accomplish post-splenectomy infection prophylaxis is fundamental in reducing bacterial infections. 89, 91 Accordingly, in a recent report of the American splenectomy in congenital hemolytic anemia registry 91 among 40 children 2-17 years of age splenectomized for spherocytosis, the infections are relatively low: the rate of early infection was of 2,5 % . Regarding the late adverse events, there were no infections or thrombotic events, and one reoperation (3.1%) over 1 year of follow-up. About 75% of the children were vaccinated, and 97 underwent antibiotics prophylaxis. Furthermore, the most of the patients were submitted to laparoscopic splenectomy.
Sickle Cell Anemia. (SCA).
SCA is a hereditary hemolytic anemia due to a homozygous mutation in the gene for β globin, a subunit of adult hemoglobin A (HbA), that results in red blood cell deformity. 92 It is characterized by recurrent vaso-occlusive episodes, accelerated hemolysis, increased susceptibility to infection, and chronic end-organ damage. [92] [93] [94] Acute splenic sequestration crisis (ASSC) is a life-threatening complication of sickle cell disease that occurs secondary to trapping of deformed cells in the splenic vasculature. The result is rapid splenic enlargement, a compensatory elevation of the reticulocyte count, a decrease in hemoglobin level, and potential shock. The mortality for the first episode of ASSC is high particularly in developing countries, approximately 10%, and sequestration can recur in most of the patients. [93] [94] [95] [96] These crises can occur as early as the first year of life and can be precipitated by infections. 95 The consequence of these vaso-occlusive episodes can be the a functional splenectomy, which can occur within the first year of life. 96 Bacterial infections are one of the main causes of morbidity and mortality in SCD in patients living in both developed or developing countries. [93] [94] [95] [97] [98] [99] However, the type of bacteria could be different. [97] [98] [99] [100] So the utility of vaccination for capsulated bacteria in developing countries has been questioned. 98 This increased susceptibility is mainly a result of impaired splenic function. However other factors, such as defects in complement activation, micronutrient deficiencies, tissue ischemia and inflammation also contribute. 94, 96 Surgical splenectomy seems do not increase the burden of infections while preventing, if complete, further sequestrations and if partial, reducing the recurrence of acute splenic sequestration crises. [100] [101] [102] However, there is a lack of evidence that splenectomy improves survival and decreases morbidity in people with SCA. 101, 102 Splenectomy has been considered for a long time at high risk of infections, early and late, and of death in children and adult with SCA, 3, 4 particularly in children of 4 years or below. Recently, after the introduction of conjugate vaccines 103, 104 and prophylactic antibiotics, 105 splenectomy is considered in developed countries feasible at all age with a moderate risk, 31, 106, 107 which, in any case, is superior to that of other non-malignant hematological diseases. 92 Data from low-income countries are scarce; splenectomy is considered only in urgency, and then a comparison cannot be done. 108 Thalassemia (Tha). Splenectomy is recommended in transfusion-dependent Thalassemia to reduce excessive blood consumption and consequent severe iron overload. 109, 110 Moreover, a variety of complications such as pulmonary hypertension, silent brain infarcts, venous thrombosis, and sepsis are linked to splenectomy. In particular infections are becoming the leading cause of death in western countries due, in part, to a significant reduction in the number of fatalities from iron-induced cardiac diseases. 109 Therefore, physicians should keep a guarded approach towards splenectomy because of the its side effects.. At the current time, according the Guidelines for the Management of Transfusion Dependent Thalassaemia, 109 splenectomy is not recommended standard procedure in transfusion-dependent thalassemia (TDT) subjects. Splenectomy should generally be avoided in Non TDT patients younger than 5 years. Splenectomy should be reserved for cases of: 1°Worsening anemia leading to poor growth and development 2° When transfusion therapy is not possible or iron chelation therapy is unavailable 3°Hypersplenism leading to worsening anemia, leucopenia, or thrombocytopenia and causing clinical problems such as recurrent bacterial infections or bleeding 4°Splenomegaly accompanied by symptoms such as left upper quadrant pain or early satiety 5°Massive splenomegaly (largest dimension >20 cm) with concern about possible splenic rupture In the past reports a high rate of bacterial infections has been reported in splenectomized patients with thalassemia 4, 109, 110 with the prevalence of sepsis by capsulated bacteria. Nowadays after the widespread adoption of vaccination, the rate of infection is reduced, and most of sepsis is due to Gram-bacteria and Staphylococcus aureus. 100, 111 Pag. 10 / 21
Overwhelming post-splenectomy infection (OPSI) by capsulated bacteria have been reported frequently in the past in children (11,6%) with a death of (7,4% ) and also if less commonly in adults, (7.4%) with a death of 3,2%. 4 A recent Indian study reports a rate of bacterial infection of 17% through 5 years. However, it did not document any OPSI. 111 It is noteworthy that in this set of patients Malaria was the most frequent postsplenectomy infection Comparisons of the infection rate between thalassemia patients splenectomized or not are rare. A comparative study made in Taiwan   112 between splenectomized and nonsplenectomized thalassemia patients has been reported in 2003. In this study, the infections were more frequent in splenectomized patients. Notwithstanding the episodic prophylactic vaccination, most of the bacterial infections were Gram negative with a prevalence of Klebsiella pneumoniae, which was the most common causative organism in this patient population (10 of 20 isolates). Other pathogens, more frequenly isolated, were Pseudomonas aeruginosa and Vibrio vulnificus. Recently Chirico et al. 113 assesses the relationship between infectious events and splenectomized status, HCV infection and serum HMGB1 in 51 adult thalassemia patients. Thirty-six of them (70%) had undergone splenectomy before enrollment. All the patients were vaccinated for capsulated bacteria. During the observational period, 15 patients (29%) reached a primary study endpoint, represented by infectious diseases, requiring hospitalization or parenteral antibiotic administration. Klebsiella infection was documented in 4 cases. Univariate analysis showed that hemoglobin, serum ferritin, splenectomized status and serum HMGB1 values were significantly associated with a primary study endpoint.
Results from Cox regression analysis indicated that serum HMGB1, as well as serum ferritin and splenectomized status, predicted a higher risk of infectious disease.
In the last few years the infections by Yersinia, frequently reported in the last decade of the twenty century and associated with an iron overload in transfusion dependent thalassemia, 114, 115 are no more signaled. The reduced frequency of capsulated bacterial infections can be attributed to vaccinations and widespread utilization of antibiotic prophylaxis. Furthermore, the use of iron chelator could favor the growth of Klebsiella. 116 The utility of vaccination and/or preservation of splenic function is undoubtable as demonstrated by an attractive study of Sheikla and Coll. 117 Two populations of patients from Iraq and Saudi Arabia underwent splenectomy for thalassemia in the same period. All patients from Saudi Arabia were given a preoperative pneumococcal vaccine, polysaccharide pneumococcal vaccine (PPV 23), and underwent total splenectomy after about four weeks. Unfortunately, vaccination was not possible to Iraqi patients, so to this group partial splenectomy was offered to many of these patients as a protective measure against Streptococcus pneumoniae infection. Results: A significant difference was found between the total splenectomy fatalities in the two groups. There were five deaths in the 30 enrolled Iraqi patients over four years. One death over a 12-year period was reported in the 22 patients from Saudi Arabia. Partial splenectomy was associated with a dramatic reduction of mortality in the Iraqi patients. None of the 12 patients died during a follow-up period of 4 years. Conclusions: PPV 23 is a powerful prophylactic tool against overwhelming post-splenectomy infection in patients with thalassemia and should be used whenever available. In poor or problematic countries with limited health resources, partial rather than total splenectomy could offer an alternative measure to avoid this fatal complication.
No nmalignant Lymphoid Disorders
Common variable immunodeficiency disorders. Splenectomy has been used in patients with common variable immunodeficiency disorders (CVID), mainly in the context of refractory autoimmune cytopenia and suspected lymphoma. 118 Splenectomy proved to be an effective long-term treatment in 75% of CVID patients with autoimmune cytopenia, even in some cases when rituximab had failed. Splenectomy does not worsen mortality in CVID, and adequate immunoglobulin replacement therapy appears to play a protective role in overwhelming post-splenectomy infections. Nine episodes of OPSI including eight cases of bacterial meningitis (two meningococcal, two pneumococcal, one H. influenzae and three not stated) and one case of pneumococcal sepsis were reported among 40 patients. IgG trough levels were available for 36 of 40 patients (mean = 8·46 g/l). Six episodes of OPSI occurred prior to Ig replacement therapy, as CVID was not yet diagnosed; one patient made a personal choice not to commence replacement therapy until a later date. Seven of the nine (77·8%) episodes of OPSI occurred within three years of splenectomy, two (22·2%) took place between 4-6 years and none beyond. The annual risk of OPSI was calculated at 2.47% year.
Autoimmune lymphoproliferative syndrome. A condition that has characteristics similar to asplenia is found in Autoimmune lymphoproliferative syndrome (ALPS), a rare hereditary disease, caused by impaired FAS-mediated apoptosis of lymphocytes. [119] [120] [121] Autoimmune lymphoproliferative syndrome (ALPS) presents in childhood with nonmalignant lymphadenopathy and splenomegaly associated with a characteristic expansion of mature CD4 and CD8 negative or double negative T-cell receptor ab1 T lymphocytes. [119] [120] [121] 120, 121 This immunodeficiency strongly correlated with the intensity of lymphoproliferation. 125 ALPS results in anti-polysaccharide IgM antibody production-specific defect with an increased rate of infections from capsulated bacteria. Patients often present with chronic multilineage cytopenias. Cytopenias in these patients can be the result of splenic sequestration as well as autoimmune complications manifesting as autoimmune hemolytic anemia, immune-mediated thrombocytopenia, and autoimmune neutropenia. 119, 120 The cytopenias suggested, in the past, to perform frequently splenectomy. 119 After splenectomy, patients show a significant reduction in anemia (P <0.0001), but neutropenia or thrombocytopenia recur and persist. The rate of invasive bacterial infection in splenectomized patients increases greatly attaining a rate of 30%. A similar risk of severe, post-splenectomy sepsis in ALPS is reported by Price et al. 120 and by Neven et al. 121 This risk is much higher than the values of 2%, and 11.6% observed after post trauma splenectomy and in splenectomized thalassemia patients, respectively. Asplenic ALPS patients require vigilance for septicemia because of pneumococcal bacteremia can be fatal. Asplenic ALPS patients can have fatal opportunistic infections and frequently pneumococcal sepsis. All asplenic ALPS patients should preferably remain on long-term antibiotic prophylaxis against pneumococcus using penicillin V or fluoroquinolones, such as levofloxacin. In addition to advising the asplenic patients to wear Medic Alert bracelets, their parents and guardians should be educated about the importance of seeking medical care promptly for a significant febrile illness requiring intravenous antibiotics. 120, 121 Recommendations for asplenic ALPS patients include life-long daily antibiotic prophylaxis as well as periodic surveillance and reimmunization against pneumococci using a combination of both 13-valent conjugate (Prevnar-13) and 23-valent polysaccharide. [119] [120] [121] The most common bacteria causing septicemia are in the order, Str. pneumoniae seen in 70% of patients, H. influenzae bacteremia, N. meningitides and Capnocytophaga cynodegmi. Sepsis can develop notwithstanding antibiotic for prophylaxis and immunization with Prevnar. Clearly overwhelming post-splenectomy sepsis is a major cause of morbidity and mortality. [119] [120] [121] Therefore nowadays, avoidance of splenectomy is recommended, [119] [120] so, the prognosis for ALPS-FAS is improving and depends, on steroidsparing management of cytopenias with mycophenolate mofetil or sirolimus, and vigilan ce for lymphoma.
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Malignant Hematologic Diseases
Patients splenectomized for malignant hematologic diseases had the highest rates of complication both thrombo-hemorrhagic and infectious. 7, 8, 9, 10 In the lymphoproliferative diseases, the infectious complications are prevalent; 1, [4] [5] [6] [7] [8] [122] [123] [124] on the contrary the thrombo-hemorrhagic complications are prevalent in myeloid neoplasms. [125] [126] [127] [128] The condition of malignant hematologic disease per se increases the incidence of bacterial infections. 5 Regarding Str. pneumoniae infection in the United States, the Advisory Committee on Immunization Practices (ACIP) reports the data of the Central Disease Control, (unpublished data, 2012). 129 An estimated 4,000 deaths occur each year because of Str. pneumoniae, primarily among adults. The incidence of invasive pneumococcal disease (IPD) ranges from 3.8 per 100,000 among persons aged 18-34 years to 36.4 per 100,000 among those aged ≥65 years. Adults with certain medical conditions also are at increased risk for IPD. For adults aged 18-64 years with hematologic cancer, the rate of IPD in 2010 was 186 per 100,000, and for persons with human immunodeficiency virus (HIV) the rate was 173 per 100,000. The disease rates for adults in these groups can be more than 20 times those for adults without high-risk medical conditions. Linfoproliferative Diseases. At present, most of the patients with lymphoproliferative diseases splenectomized are affected by non-Hodgkin Lymphoma (NHL). In the past splenectomy has been utilized for staging Hodgkin Diseases (HD). In splenectomized patients with HD an increase incidence of infection, superior to that found in post-trauma splenectomy has been reported 4 and vaccination with encapsulated bacteria vaccine is advisable. 122 Splenectomy in non-Hodgkin lymphoma (NHL), excluding marginal lymphoma, has not a curative intent. It is performed for massive splenomegaly and/or cytopenias to palliate symptoms or in an attempt to improve hematological reserve, so allowing additional medical therapy, or for diagnosis. 2, [4] [5] [6] [7] [8] [9] Although at present most of the patients (50-70 %) splenectomized for hematologic malignant neoplasm in high-income countries are affected by non-Hodgkin lymphoma, [7] [8] [9] [10] the data of NHL are not considered separately. There are not investigations separately comparing the rate of infections of NHL patients splenectomized, but the comparison is made between the rate of infections of splenectomized hematological patients with and without a malignant pathology. (Table 1,2) In these circumstances, the rate of infections is always superior in malignant diseases. [5] [6] [7] [8] [9] [10] [11] Thus, given the influence of the basal pathology in determining the complications, to clarify the importance of splenectomy; the comparison should be made with a matched group of NHL patients. It is noteworthy that when the control group is matched-indication the difference in infection risk between splenectomized and not splenectomized is mild (Fig. 3) . 5 Splenectomy remains the treatment of choice in marginal lymphoma of the spleen. 1, 123, 124 One significant concern with splenectomy is the risk of infection from encapsulated organisms and then it is recommended immunization at least two weeks prior to splenectomy. The 4% and 5% patients who underwent splenectomy died from infectious complications in two large series. 123, 124 In a recent confrontation between patients treated either with splenectomy or immunochemotherapy the adverse events and, in particular, the infections were more frequent in the follow-up of patients treated with immunochemotherapy. 124 Myeloid Neoplasm. Splenectomy rarely is indicated for myeloid neoplasms. Among them, myelofibrosis and monocytic leukemia find more frequently indication for splenectomy. 125, 126 Myeloproliferative Diseases (MPD). Among the Myeloproliferative Diseases splenectomy at present is performed for the most in Myelofibrosis because of a huge and/or painful spleen and/or cytopenias. [125] [126] [127] [128] Splenectomy is an effective treatment for MPD-related splenic pain and/or cytopenias but is associated with substantial operative morbidity and a mortality ranging from 5 to 18%. [125] [126] [127] [128] It is also associated with an increased risk of blast phase transformation, [126] [127] [128] and according some studies 127 to reduced survival. The recent development of JAK2 inhibitors (e.g. ruxolitinib) as an efficient and safe therapy for patients with MF diminishes the role of splenectomy in everyday management of MF patients. 128 The main complications are thrombo-hemorrhagic. Infections have been reported as an important complication in the perioperative period ranging from 8,5% to 23% in the different series. [126] [127] [128] Rialon et al. 125 in a series including also patients with MDS report a mortality rate of 18%, whose 13% was due to infections.
Overwhelming Post-Splenectomy Infection (OPSI).
Although OPSI is reducing after the introduction of vaccinations, 7, 80, 130, 131 and becoming rare when vaccination are correctly performed, 131 it remains a possible dangerous event also in the post-antipneumococcal vaccination era. 20, 37, 132 The OPSI can repeat in the same patient. At present it is a minimal proportion of all type of infections in splenectomized patients. In the series of Kyaw et al. 7 among the 350 (21.2%) patients with severe infection requiring hospitalization only 49 (3.0%) had at least 1 overwhelming infection. Of these, 30 (61.2%) experienced only 1 overwhelming infection, 9 (18.4%) had 2 infections, and 10 (20.4%) had 3 or more severe infections. The incidence of first overwhelming infection was 0.89 per 100 person-years (95% CI, 0.76-1.17). A similar incidence or also lower is reported by others. 131 OPSI is defined as fulminating sepsis, meningitides or pneumonia triggered mainly by Str. pneumoniae followed by H. influenzae type B and N. meningitides. The risks of OPSI and associated death are highest in the first year after splenectomy, at least among young children, but remain elevated for more than 10 years and probably for life. 37, 38, 129, 130 OPSI is a medical emergency. Following brief prodromal symptoms such as fever, shivering, myalgia, vomiting, diarrhea, and headache, septic shock develops in just a few hours, with anuria, hypotension, hypoglycemia. A disseminated intravascular coagulation and massive adrenal gland hemorrhage (Waterhouse-Friderichsen syndrome), progressing to multiorgan failure and eventually death can also be present. 37 The mortality rate is from 50 to 70%, and most death occurs within the first 24 hours; only prompt diagnosis and immediate treatment can reduce mortality. 37, 132 Splenectomized children younger than 5 years of age have a greater overall risk of overwhelming infection with an increased death compared with adults. 4, 5, 20, 37 Physicians must be aware of the potential lifethreatening infections in patients who underwent splenectomy and patients should be educated for seeking early care when fever develops. In patients at risk and with indicative symptoms, prompt initiation of empirical antibiotics is essential. 37, 132 Intravenous infusion of third generation cephalosporin (cefotaxime 2 g every 8 h or ceftriaxone 2 g every 12h), combined with gentamicin (5-7 mg/kg every 24 h) or ciprofloxacin (400 mg every 12 h) or vancomycin (1-1.5 g every 12 h).While waiting results of blood culture, bacteria can be visualized by gram staining. An RT-PCR test for simultaneous identification of 3 main encapsulated bacteria (Str pneumonia, H. influenzae type B and N. meningitidis) is available 20, 37, 132 Taking into account the possibility of gram-negative bacteria in the overwhelming sepsis patient could be started on empirical therapy with carbopenemic antibiotics associated with chinolones and/or vancomycin. 
Prevention of Infections in Patients with an Absent or Dysfunctional Spleen.
Education of the patient and its relatives, Vaccination, and antibiotic prophylaxis are the basis to prevent infection by capsulated bacteria and the consequent OPSI. 37, 129, [130] [131] [132] The patient should be aware of the risk and the necessity of vaccination, which in any case does not preserve from all infections. He should have a clear action for febrile illness, animal bite and planned oversea travel.
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Vaccination. The mainstay of pneumococcal vaccination has, for many years, been the polyvalent polysaccharide pneumococcal vaccine (PPV 23). The PPV23, available since 1983, consist of the capsular polysaccharides of the 23 most prevalent pneumococcal serotypes. It has a coverage of 85-90% of the invasive pneumococcal infections among children and adults. 133 Its efficacy below five years of age is scarce. Although this polysaccharide vaccine induces an immune response, it does not result in the generation of memory B-cells and long-lived plasma cells. To maintain sufficiently high antibody levels, reimmunization with PPV23 every five years is therefore recommended in hyposplenic and asplenic patients. 133 Furthermore there is a reduced response to PPV23 in splenectomized patients with hematological diseases. 134 Conjugate vaccines consist of a polysaccharide covalently linked to a carrier protein (conjugation), this linkage can significantly enhance immunoprotection against the polysaccharide by inducing a T-cell-dependent immune response. Conjugate vaccines are highly immunogenic in infants as young as two months of age, provide higher antibody titers and induce immunological memory. 129, 135 The first heptavalent pneumococcal polysaccharideprotein conjugate vaccine (PCV7) was introduced in USA 2000 and Europe in 2006. [135] [136] [137] [138] This conjugate vaccine leads to T-cell dependent induction of antibodies and immunological memory. The seven serotypes, included in the conjugate vaccine, handle 64% of the invasive pneumococcal infections in young children (<2 years) of the Netherlands. 135 The inclusion of conjugated pneumococcal polysaccharide vaccines might be of additional value in the vaccination schedule for asplenic patients because of their high immunogenicity. [136] [137] [138] [139] A strong serological response was found in splenectomized patients within the first five years after pneumococcal vaccination by PCV7. Nevertheless, post-vaccine pneumococcal sepsis was still diagnosed in 3.3% of splenectomized survivors. However, sepsis and death were found for the most in patients with hematologic malignancies, frequently with severe neutropenia. 140 Since 2010, two improved pneumococcal conjugate vaccines (PCVs) received market authorization in many countries, including in the US and the EU. 138 These vaccines cover the seven serotypes included in the PCV7 vaccine, and additional serotypes responsible for an increasing proportion of IPD. Specifically, PCV10 ("SynflorixTM", GSK) contains additional antigens from serotypes 1, 5 and 7F. [133] [134] [135] 138 The manufacturer claims a high protective effect against diseases not only due to pneumococcal serotypes but also against disease due to non-typeable H. influenzae PCV13 ("Prevnar13TM", Pfizer) contains antigens from serotypes 1, 3, 5, 6A, 7F and 19A in addition to the PCV7serotypes. 138 The 13-valent pneumococcal conjugate vaccine (PCV13) has replaced in the last few year the PCV7. As predicted, PCV13 is more immunogenic than PPV23 albeit with a more limited repertoire and is highly effective in preventing invasive disease caused by the 13 serotypes included in the vaccine. 138, 139 At present, the PCV 13 has been added to PPV 23 in all guidelines of high-income countries in children age. 129, [140] [141] [142] According the UK guidelines of 2011, at present, for older children and adults who may or may not have received previous PCV there is insufficient evidence to recommend a change in policy from PPV to PCV either for primary immunization or for boosting. Similarly, in the United States, guidelines from the Centers for Diseases Control and Prevention (CDC), published in 1997 and updated in 2010, recommended the use of the 23-valent pneumococcal polysaccharide vaccine (PPV23) in adults with anatomical or functional asplenia and revaccination after 5 years. 140 Whether patients should be recommended pneumococcal polysaccharide vaccine(PPV) or pneumococcal conjugate vaccine (PCV) and the possible benefits of repeated vaccinations be the subject of a current debate in Europe. [137] [138] 144, 145 and recently its safety and efficacy has been confirmed by a large trial including nonhematological patients. 146 Polysaccharide vaccines and conjugate vaccines are both available against Haemophilus influenzae B and Neisseria meningitidis. [147] [148] [149] [150] Conjugate vaccines activate a superior immune response compared with polysaccharide vaccines and shows efficacy in children 2-4 years old as well in older adults. Thus, conjugate vaccines should be used preferentially whenever possible not in substitution but also of polysaccharide vaccine.
A quadrivalent meningococcal diphtheria toxoid conjugate vaccine (Menactra®, Sanofi Pasteur) (MCV4) including serogroups A, C, Y, and W was licensed for use in 2005 by the US FDA and in 2007 licensure was approved in Canada, and in the Arab Gulf countries. 147 This vaccine should be utilized in Arab countries, where the serotype W is particularly frequent. 147 It does not cover against the strain B, which is the predominant cause of invasive meningococcal disease in most of Europe and Australia countries, especially where serogroup C vaccination is part of routine recommendations. 148 However, at present is available also a vaccine against the strain B. The multicomponent meningococcal B vaccine, 4CMenB (Bexsero, Novartis Vaccines and Diagnostics), recently approved in Europe and Australia, contains three surface-exposed recombinant proteins (fHbp, NadA, and NHBA) and New Zealand strain outer membrane vesicles (NZ OMV) with PorA 1.4 antigenicity. 148 In our opinion the modality of vaccination should follow the scheme adopted by the Canadian Paediatric Society, 143 integrated by the recent recommendation of ACIP ( Table 4) . 129 In programmed splenectomy, the vaccine should be administered two weeks before intervention and in urgency two weeks afterward both in adults and children.
Both the conjugated 13-valent conjugate pneumococcal vaccine and the 23-valent polysaccharide vaccine should be utilized in the prevention of Streptococcus pneumoniae infection. In pneumococcal vaccine-naïve persons: Adults aged ≥19 years with immunocompromised conditions, functional or anatomic asplenia, CSF leaks, or cochlear implants, and who have not previously received PCV13 or PPSV23, should be given a dose of PCV13 first, followed by a dose of PPSV23 at least 8 weeks later . Subsequent doses of PPSV23 should follow current PPSV23 recommendations for adults at high risk. Specifically, a second PPSV23 dose is recommended five years after the first PPSV23 dose for persons aged 19-64 years with functional or anatomic asplenia and for persons with immunocompromised conditions. Additionally, those who received PPSV23 before age 65 years for any indication should be given another dose of the vaccine at age 65 years, or later if at least five years have elapsed since their previous PPSV23 dose. In the previous vaccinated with PPSV23: Adults aged ≥19 years with immunocompromised conditions, functional or anatomic asplenia, who previously have received ≥1 doses of PPSV23 should be given a PCV13 dose ≥1 year after the last PPSV23 dose was received. For those who require additional doses of PPSV23, the first such dose should be given no sooner than eight weeks after PCV13 and at least five years after the most recent dose of PPSV23.
-In prevention of Haemophilus influenzae: type b conjugate vaccine; specific recommendations vary by age.
-In prevention of Neisseria meningitidis: conjugate quadrivalent meningococcal vaccine (MCV4) should be utilized. Experience with the multi-component meningococcal B vaccine is scarce, however Apart from the scarce compliance, 149 some patients remain unvaccinated, despite this double vaccination and a true vaccine failure also contribute to pneumococcal infection.
Failure to mount an antibody response may be genetically determined but is also more frequent in older patients and those splenectomized for hematological malignancies. 150, 151 The failure to respond to immunization can be demonstrated by the absent rise in titer of the anti-pneumococcal antibody. 133, 134, 136 A surge of non-vaccine serotypes could be another cause of failure of vaccination as described after the addition of pneumococcal protein conjugate vaccine (PCV7).
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Antibiotic prophylaxis: Lifelong antibiotics are recommended for immunosuppressed patients, and for at least two years after splenectomy for all other patients. Further, patients are advised to keep an emergency supply of antibiotics for the event of febrile illness. Oral penicillins remain the prophylactic drugs of choice in areas with low pneumococcal resistance. Specialist microbiological advice should be sought where this is not the case or for travel abroad. In patients with confirmed penicillin allergy, an appropriate macrolide may be substituted depending on local epidemiology.
Concluding Remarks. Splenectomy, even if the incidence of OPSI is reducing in high-income countries for the widespread pneumococcal vaccination, also represent today's an important risk factor for infections. The introduction of conjugate vaccines also in the older population could induce a further reduction of sepsis from encapsulated bacteria. The case reported at the incipit of this review presented meningitis with a culture of liquor positive for Str. pneumoniae. The addition of a conjugate vaccine could have increase the immunological response reducing the risk of infection.
In the high-income countries, the antipneumococcal vaccination is adequate, at least in terms of primary vaccination with Pneumovax, but conjugate vaccines have not been introduced so far in most of the countries. In contrast, vaccination against N. meningitidis serogroups A + C was insufficient and introduction of vaccination against B serotype is warranted. There is a need to improve the awareness among healthcare professionals of the greatly increased risk of severe infection with encapsulated bacteria postsplenectomy and how these infections, in particular, overwhelming post-splenectomy infection, can be prevented. However, at present gram-negative sepsis are prevalent. Further work is required to characterize these infections and determine whether or not they were related to asplenia. OPSI continue to be described in 1-1.5 patients/year also in vaccinated patients, but Streptococcus pneumoniae, which was in the past the major cause of morbidity and mortality among such patients, has become infrequent as a cause of infections, at least in European series. Poorly controlled iron overload can be the cause of Gram-negative infections that are still frequently diagnosed in post-splenectomy patients for congenital hemoglobin disorders. This information needs to be taken into account when a splenectomized patient presents with fever and/or sepsis. At the first indication of systemic infection (high fever) all patients should have access to primary care and start urgent treatment with appropriate antibiotics, (in general treatment with a third generation cephalosporin, either alone or in combination with other antibiotics that are active against Gram-negative pathogens, should be promptly initiated in order to save the patient's life). In patients taking prophylaxis treatment should be from an antibiotic class likely to be non-cross resistant. Choice of antibiotic should be made concerning appropriate microbiological advice and local protocols. The importance of the primitive disease remains fundamental in determining the rate and the severity of infections and the overall survival.
